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Process for Manufacturing Foils for CoatJ.ngs 

» 

The invention involves a process for manufacturing foils for 
coatings from high and ultra-high molecular polyethylene, 
polypropylene and/or poly (vinylidene dif luoride) , especially 
for ski and snowboard bases and bearing surfaces ^ but also for 
other applications. 

Ultra-high molecular polyethylene (UHMW-PE) , polypropylene 
and/or poly (vinylidene difluoride) cannot be processed to a 
smooth foil with normal extruder devices. Therefore ^ blocks are 
usually initially sintered oyer a period of several hours and 
at high energy input, following which foils are peeled off 
them. These foils' surfaces are abraded or sandblasted and 
scarfed for further processing to e.g. ski linings. Over the 
several hours of the process of sintering to form blocks, and 
depending on the type and quality of the colour and the additi- 
ves, segregations occur which result in uneven colouring and 
uneven properties of the foils. In addition, only a limited 
number of colours and additives can be used in the block-sinte- 
ring process. Furthermore, only a limited quantity of pigments 
can be added to increase opacity. 

The invention aims at avoiding these disadvantages and achieves 
this in a process for manufacturing foils for coatings, especi- 
ally ski and snowboard linings and bearing coatings, from high 
and ultra-high molecular polyethylene, polypropylene and/or 
poly (vinylidene difluoride) in that powdered polyethylene, 
polypropylene and/or poly (vinylidene difluoride), optionally 
with, the addition of colours and/or additives ,^ is spread on a 
sintering belt circulating in a sintering furnace, thermally 
sintered and compacted by smoothing rollers to form a foil 
material with a porosity of 0 to 10%, preferably < 1%. 



When compacting in the smoothing works, covering material (e.g. 
"fleece") can be applied, preferably both from above and below, 
within the scope of this invention- After compacting the foil 
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web is usually fed over cooling rcpllers auid wound onto rolls . 

In accordance with a particularly advantageous embodiment of 
the invention the foil material is compacted up to a porosity < 
0 . 5% and sequently cooled in a water bath or by means of fan 
cooling to adjust cristallinity . 

Above all the process according to the invention offers the 
advantage of simplification and reduced costs, since long 
sintering times and high energy input to form blocks are 
avoided. At the same time the option of even colouring and even 
incorporation of additives is provided, allowing for example to 
achieve a greater degree of opacity as compared to the prior 
art. This is also true with additives incorporated to modify 
certain running-surface characteristics (sliding properties r 
wear properties etc.)f e.g. those of ski linings. The 
invention's process allows the homogeneous incorporation of 
e.g. graphite^, carbon black, waxes, teflon powder or molybdenum 
sulfide, even in high percentages. 

According to the process of the present invention very 
homogeneous structures can be achieved, whereby the 
crystallinity of the material can be widely varied or 
controlled by regulating the temperature. Using this process, 
sintering and setting of a desired percentage of crystallinity, 
as well as calender-coating of other foils are accomplished in 
one working cycle . 

Preferably, the foil web is covered with another foil material, 
fleece, or the like during the compacting step.' Thus, if 
desired, fleeces for thermal diffusion, coatings, screens, 
felts, glass mattings, and tissues of glass fibres and plastic 
mixtures, carpet fabric and carbon materials can be applied to 
the foil web. 

Further, together with the polyethylene, polypropylene and/or 
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poly (vinylidene difluoride) additives of colours and pigments 
like carbon black, graphite and interference pigments, lustrous 
and lijminous substances like glitter, solid lubricants or 
gliding agents like waxes, graphite, teflon, hexagonal boron 
nitride, molybdenum sulfide and antimony sulfide, functional 
additives like bonding agents, plasticizers and wetting agents, 
opacity intensifiers like ceriiim oxide, titanium oxide and 
zirconium oxide, and the like can be spread on the sintering 
belt. 

Instead of polyethylene, polypropylene and poly (vinylidene 
difluoride) also mixtures of these polymers as well as mixtures 
with other polymer powders can be employed. Examples are 
mixtures of polyethylene and polypropylene (PE/PP) , 
polyethylene and poly (vinylidene difluoride) (PE/PVDF) as well 
as polyethylene and poly (tetraf luoroethylene) (PE/PTFE) in 
varying mixing ratios depending on the specification profile. 
For example, the mixing ratio for PE/PP mixtures can vary 
between 10:90 and 90:10. 

Preferably, the process according to the invention produces a 
foil web with a thickness between 0.1 and 5mm- 

Polyethylene grades in the high and ultra-high molecular weight 
range, preferably with molecular weights in the range of 
450,000 to 8,000,000, are used. Preferred polypropylenes are 
isotactic homopolymers and block polymers. The poly (vinylidene 
difluoride) is preferably a homopolymer. The particle size 
(grain size) is in the range of 0.1 to 250pm, preferably 100 to 
200pm, and in particular about 120pm. Depending on the specific 
properties these particle sizes are also valid for 
polypropylene and poly (vinylidene difluoride). 

The sintering temperature depends on the polyethylene used, but 
usually is in the range of 50 to 200''C. The required heated air 
tenqperature and the furnace temperature resulting therefrom are 
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somewhat higher depending on the furnace used (see the Examples 
below) . Heated air temperatures Of 250-300 have been found 
useful. 

The temperature of the smoothing rolls is generally in the 
range of 15 to 160°C, whereby different rolls may have different 
temperatures . Typically the rolls temperature of the smoothing 
rolls is in the range of 120 to ISO^'C, preferably 125 to 140''C. 
The following cooling roll or cooling rolls usually have a tem- 
perature of 5 to 30°C and preferably 10 to 20°C, e.g. 15^*0. 

The gap between the rolls is adjusted depending on the material 
thickness of the sintered film web to be compacted. In general 
a process pressure on each side of the web of 5 to 20kN^ 
preferably 8 to 15kN and in particular about lOkN is generated. 

The speed of the circulating sintering belt depends on the 
capacity of the sintering furnace and usually is in the range 
of 1 to 10 m/min, preferably 2 to 8 m/min and especially 3 to 5 
m/min^ e.g. typically at about 4 m/min. 

The above similarly applies to polypropylene and 
poly (vinylidene difluoride) . Of course, the conditions have to 
be adapted depending on the properties of the employed 
polypropylene or poly (vinylidene fluoride). 

In the following the invention is explained in more detail 
using working examples and referring to the drawings which show 
in Fig. 1 and 2 units used in accordance with the invention. 
The explanations similarly apply to the other above-mentioned 
polymers and polymer mixtures. 
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The unit shown in Fig. 1 includes a heated sintering belt (1) , 
which circulates in a sintering furnace (not shown) and is fed 
with polyethylene raw material by a raw material storage vessel 
(2) via a spreading roller (3) . Circulating air heating (4) is 
positioned below sintering belt (1) . After sintering, the high 
and/or ultra-high molecular polyethylene web passes through 
heated smoothing rolls (5), which are adjustable positioned on 
a roll frame (6) on a preset roll gap, while e.g. fleece 
material is placed on the upper side of sintering belt (1) from 
a supply roll (7) . The sintered foil is then compacted in the 
smoothing works, before passing under pressure over cooling 
rolls (8) to a roll belt (9), which conveys the compacted foil 
to a winding unit (not shown) . 

Practical working examples of the invention are explained in 
the following . 

Example 1 

Ultra-high molecular polyethylene (UHMW-PE) with a molecular 
weight of 2,000,000 and a grain size of max. 200pm is placed on 
the sintering belt (1) at a heated air temperature of 290°C. The 
powder is placed on the sintering belt (1) by a spreading 
roller (3) from a powder-supply container (2) . 

The sintering belt (1) moves at a speed of about 3 to 5 m/min. 
The sintered, porous strip (3) on the sintering belt is about 4 
mm thick and has a porosity of about 50%. The material is 
compacted to a residual porosity of less than 1% in the 
smoo thing-compacting rollers (5) at a roller temperature of 
140^C and a roller pressure of 10 kN per strip side. The total 
thickness of foil strip B, which is drawn off by the cooling 
rollers (8) amounts to about 1 mm. The foil is transparent. 
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Example 2 

The ultra-high molecular polyethylene of Example 1 is 
homogeneously mixed with 0.5 wt.% interference pigment, 0.05 
wt.% carbon black and 2 wt.% polyethylene wax (based on the 
weight of the employed ultra-high molecular polyethylene) and 
is placed on the sintering belt (1) , sintered and compacted 
under the same conditions as in Example 1. The obtained foil is 
uni formally coloured. 

Example 3 

High molecular polythelyne (HMW-PE) with a molecular weight of 
500,000 and a grain size of max. 170pm is placed on the 
sintering belt at a heated air temperature of 270*0- The powder 
is placed on the sintering belt (1) by a spreading roller (3) 
from a powder-supply container (2) . 

The sintering belt (1) moves at a speed of 3 to 5 m/min. The 
sintered, porous strip (3) on the sintering belt (1) is about 
2mm thick and has a porosity of about 50%. The material is 
compacted to a residual porosity of less than 1% in the 
smoothing- compacting rollers (5) at a roller temperature of 
135°C and a roller pressure of 12kN per strip side. The total 
thickness of foil strip B, which is drawn off by the colling 
rollers (8) , amounts to about 1mm. The foil is transparent. 

A thermo-dif fusion process can be applied in a subsequent step 
to design patterns, lettering, illustrations, etc. in colour. 

Example 4 

Polypropylene homopolymer (PP) with a grain size of max. 250|im 
is placed on the sintering belt (1) at a heated air temperature 
of 290**C. The powder is placed on the sintering belt (1) by a 
spreading roller (3) from a powder-supply container (2) . The 
sintering belt (1) moves at a speed of 3 to 5m/min. The 
sintered, porous strip (3) on the sintering belt is about 2mm 
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thick and has a porosity of 'about 50%- The material is 
compacted to a residual porosity of about 1% in the smoothing- 
compacting rollers (5) at a roller temperature of 150 ""C and a 
roller pressure of llkN per strip side. The foil strip, which 
is drawn off by the cooling rollers (8) , can be cut to sheets 
or wound up. 

Example 5 

Poly (vinylidene difluoride) homopolymer (PVDF)with a grain size 
of max. 10pm is placed on the sintered belt (1) at a heated air 
temperature of 250"*. The powder is placed on the sintering belt 

(1) by a spreading roller (3) from a powder-supply container 

(2) . 

The sintering belt (1) moves at a speed of 4 to 6m/min. The 
sintered, porous strip (3) on the sintering belt is about 1mm 
thick and has a porosity of about 50%. The material is 
compacted to a residual porosity of about 25% in the smoothing- 
compacting rollers (5) at a roller temperature of 130 "^C and a 
roller pressure of 12kN per strip side. The total thickness of 
foil strip B, which is drawn off by the cooling rollers (8) , 
amounts to about 0.5mm. The foil is white and mechanically well 
set. 

In a subsequent step the foil can be post-compacted whereby it 
becomes transparent. A thermo-dif fusion process can be applied 
in this step to design patterns, lettering, illustrations, etc. 
in colour. 

In the embodiment shown in Fig. 2, the unit similarly has a 
heated sintering belt (1) which circulates in a sintering fur- 
nace (not shown) and is fed with the polyethylene raw material 
from a raw material storage vessel (2) via a spreading roller 

(3) . Circulating air heating (4) is positioned below sintering 
belt (1). After sintering at a . material temperature of e.g. 
170°C to a porosity of e.g. 50%, the high-molecular or ultra- 
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high molecular polyethylene stri^ passes through the heated 
smoothing rollers (5) , which are" positioned vertically in a 
roller frame (6), adjustable to a predetermined roller gap. The 
lower two rollers, 6^ and 6^^, have a temperature of about 125°C. 
The material is compacted to a porosity of < 1% by a suitable 
gap setting between the lower rollers 6^ and 6". The material 
is smoothed and given a glossy surface finish by a slight 
compacting by suitable gap settings between rollers 6^^, 6^^^ and 
6^ (temperature approximately llCC) . The strip is then passed 
over a deflector roll (7) and quickly cooled in a water-bath or 
by means of fan cooling (10) having a ten^jerature of 5 to 25''C 
or ambient temperature; this rapid cooling produces a finely 
crystalline structure and a better transparency. The sintered 
foil F is then conveyed to a winding unit (not shown) . 

The porosity of the foils prepared according to the invention 
is determined by measuring the weight of a sample in air and by 
measuring the weight (lift) of the free floating sample 
immersed in water. It holds densitysait?>ie[g/cm^] = Mairtg] / (Mair[g3 + 
M„ater[g3). If the polyethylene has for example a density of 
0.93g/cm^ and the density of water is set at Ig/cm^, then it 
follows that porosity [%] = 100 - densitysampie [g/cm^l x 107.53. As 
porosity value the average of 3 samples is given. 



